ABSTRACT. Mean prevalence and intensity of infestations by epibionts were evaluated in Arenaeus cribrarius (Lamarck, 1818), based on monthly samplings (May/1991 to April/1993), in Ubatuba, Brazil. Bryozoans were quantified in terms of colony numbers and barnacles by the number of specimens. Prevalence of infestation was determined in 1,914 individuals of A. cribrarius and assessed with respect to sex, maturity stage and season. No significant interaction was detected between epibionts and biological host factors. Males showed a higher infestation rate by Chelonibia patula (Ranzani, 1818) when compared to mature non-ovigerous females, yet Octolasmis lowei Darwin, 1851 infestation was associated to adult crabs. The ovigerous females of A. cribrarius showed a higher prevalence of infestation than males and non-ovigerous females, with lower infestations being recorded during winter. A synchrony between the life cycle of the epibionts and their hosts was evident and promotes the continuity of the former in the area.
In unconsolidated benthic environments, the carapaces of decapod crustaceans are among the few solid surfaces that are available for colonization by the benthic invertebrates. These solid surfaces are utilized by specialized or facultative epibionts (ROSS 1983 , ABELLÓ et al. 1990 , GILI et al. 1993 , and, to avoid the settlement of such epibionts, crustaceans employ anti-infestation behaviours, which include carapace cleaning with specific appendages and burying in the sediment (BAUER 1989 , BECKER & WAHL 1996 . In epibiosis studies, the terminology used varies according to the degree of association between the host and the infesting organism. WAHL (1989) defined epibiosis as the process of colonization of live surfaces by sessile organisms, whereas other authors have mentioned distinct terminologies according to the infestation position, distinguishing in ecto-and endosymbionts (ABELLÓ et al. 1990) , or simply referring to these organisms as epizoonts (KEY et al. 1996) . Due to the considerable variation in the terminology that refers to the host/infesting organism relationship, in this study, the term 'epibiosis' as defined by WAHL (1989) was adopted hereafter. The term describes only the organic interaction, without quantifying the degree of association (positive or negative).
In crustaceans, the degree of infestation by epibionts may be influenced by various factors (WAHL & LAFARGUE 1990) , such as the pool of potential colonizers, the reproductive period of the infesting organism, and the amount of time the surface is exposed to the infestation. In addition, age, moult stage, sex, physiological condition, and the efficiency of anti-infestation defences from the host are relevant variables (BARNES & BAGENAL 1951 , MALDONATO & URIZ 1992 , DAVIS & WHITE 1994 . In general, epibiosis is unfavourable to the host organism and explains the necessity for the development of mechanisms to avoid infestations (WAHL 1989 , ABELLÓ et al. 1990 ). This has led the relationships between hosts and epibionts to be rarely species-specific (WAHL & MARK 1999 ). An ecdysis of the host, however, is potentially detrimental to the epibionts as they will be discarded along with the exuvia (ABELLÓ et al. 1990 , ITANI et al. 2002 .
The present study evaluated the mean prevalence and intensity of infestations on the speckeled swimming crab Arenaeus cribrarius (Lamarck, 1818) from the Ubatuba region, state of São Paulo, Brazil by several groups of epibionts, focusing more specifically on infestations (1) on the exoskeleton by the bryozoans and the barnacle Chelonibia patula (Ranzani, 1818) (Chelonibiidae) and (2) in the branchial chambers by the stalked barnacle Octolasmis lowei Darwin, 1851 (Poecilasmatidae).
MATERIAL AND METHODS
Collection of A. cribrarius were carried out monthly from May/1991 to April/1993, at Fortaleza Bay and Ubatuba Bay, in the city of Ubatuba, on the northern coast of the state of São Paulo (23°25'00"-23°35'00"S and 45°00'00"-45°12'00"W). Specimens were captured with an otter-trawl towed by a commercial shrimp fishing boat, and two tows (1.5 hour) were performed, for a total of three hours of effort/capture/month. Individuals collected were frozen for analysis in the laboratory.
Samples were defrosted and the specimens were sexed, measured with a calliper (CW = carapace width without lateral spines) and classified by the maturity stage following PINHEIRO & FRANSOZO (1998) . The remaining epibionts occurring on the exoskeleton (bryozoans and the barnacle C. patula) were recorded and quantified. The bryozoans were quantified by the number of colonies present. To record the presence of the bar-ZOOLOGIA 27 (3): 387-394, June, 2010 nacle O. lowei, the cephalothorax of each specimen was removed and the branchial filaments in each side of the branchial chamber (left and right) were carefully inspected.
The prevalence of infestation, i.e. the proportion between infested hosts and the total number of crabs (KEY et al. 1997) , was analyzed by log-linear models of contingency tables. The interaction amongst the following variables was examined: 1) season (spring, summer, fall, winter); 2) sex (males and nonovigerous females); 3) maturity (juveniles and adults); and 4) frequency of infestation (present or absent). The G-test was applied to examine the obtained data. When significant interactions were observed, the analysis was decomposed into 2x2 frequency tables and re-evaluated using G-test or Tukey test for multiple proportions (ZAR 1999 , SOKAL & ROHLF 2003 . Similarly, this procedure was applied to examine the variability of the prevalence of infestation (frequency: present or absent) during the reproductive period of the females, and the following variables were investigated: 1) season (spring, summer, fall, winter); 2) reproductive condition (ovigerous and non-ovigerous adult females).
To investigate the intensity of infestation, which describes the number of epibionts present in each host (KEY et al. 1997 ), a two-way ANOVA was performed for the variables: sex (male and female) and season (spring, summer, fall, winter). Homocedasticity was tested with the Barlett test and when homogeneity of variance assumption was not met, the MannWhitney test (for variable 'sex') and the Median test (for variable 'season') were applied. The correlation between intensity of infestation of epibionts and host size was evaluated using the Spearman Rank Correlation test. All analyses were performed at 5% significance level.
RESULTS
A total of 1,914 specimens of A. cribrarius was sampled during the study period, of which 1,398 were mature and 516 immature individuals, respectively. Infestation was found only on mature crabs, with bryozoans corresponding to main epibiont group (12.7% of infested mature animals), followed by C. patula and O. lowei (on 5.6% and 3.8% of mature crabs, respectively) (Tab. I). The prevalence of infestation varied significantly with the variables tested (sex, maturity and season); however, no significant interactions were found (Tabs II and III). No significant seasonal variation was observed in the infestation of the crabs by the bryozoans (Tab. II) (Bartlett, 2 = 21.34, p = 0.003; Median Test, 2 = 1.59, p = 0.661), C. patula (ANOVA d.f. = 2, MS = 20.08, F = 1.32, p = 0.277) and O. lowei (Bartlett, 2 = 57.50, p < 0.0001; Median Test, 2 = 4.71, p = 0.203). Whilst a variation in the intensity of these taxa was not observed throughout the seasons, a significantly lower prevalence was noted during the winter (Fig. 1 ). In addition, the prevalence of infestation by C. patula was significantly lower during spring, and elevated rates of epibiosis were observed during the summer and the fall (Fig. 1) .
The intensity of infestation on males and non-ovigerous females did not vary significantly for bryozoans (U = 3567.00, p = 0.27), C. patula (d.f. = 1, MS = 9.065, F = 0.598, p = 0.4437) nor O. lowei (U = 743.00, p = 0.86). Nonetheless, males showed significantly higher prevalence of infestation by C. patula, when compared to non-ovigerous females (Fig. 2) . A different pattern was observed for the bryozoans and O. lowei (Tab. II). However, the ovigerous condition of the females was proven as important for the establishment of all the analyzed groups of epibionts in the present study, which could be verified by their prevalence when compared with non-ovigerous condition and males, respectively (Tab. III, Fig. 2 ). Adults showed significantly higher 
DISCUSSION
The presence of epibiont organisms on portunid crabs have been recorded by several authors, e.g. NEGREIROS-FRANSOZO et al. (1995) for Callinectes danae Smith, 1869 and C. ornatus Ordway, 1863 , SANTOS (2002 for Portunus spinimanus Latreille, 1819, and MANTELATTO et al. (2003) for various portunid species sampled in the coast of the state of São Paulo, Brazil. In the species studied by those authors, the presence of the same epibionts registered in the present study could be verified. We detect the presence of Chelonibia patula in C. danae and C. ornatus; and Octolasmis lowei in A. cribrarius, C. danae, C. ornatus and P. spinimanus, indicating that these animals are generalists, due to wide diversity of hosts with which they are associated.
The interaction between bryozoans and the exoskeleton of portunids has been investigated previously, and studies have shown epibionts to cause variable effects. These varied from a negative impact to the host due to the increase in body weight, to benefits from the mimetic effects (INGLE 1983 , KEY et al. 1999 , OVERSTREET 1983 , RASMUSSEN 1973 , WAHL 1989 , which is particularly important for the decorator crabs (PARAPAR et al. 1997 , WICKSTEN 1980 . Nonetheless, the infestations caused by bryozoans -Alcyonidium albescens Winston & Key, 1999 , Membranipora arborescens (Canu & Bassler, 1928 and Triticella elongata (Osburn, 1912) -have a minimal negative impact towards the host, as verified in C. sapidus by KEY et al. (1999) , where no special symbiosis was observed between the organisms. The pattern of the bryozoan colonies merges with the reticulated pattern of the carapace from A. cribrarius, and the bryozoans may benefit against predators by this association. Moreover, bryozoans benefit from the hosts through the additional substrates for settlement, feeding and reproduction. Despite the elevated infestation rate observed in the present study, the impact on the crab is low due to the negligible weight of the bryozoans.
Bryozoans are common infestants of sessile substrates and are also found as epibionts of mobile organisms, in both nektonic and benthonic hosts (KEY et al. 1996) . Although there is a high diversity of described species (approximately 5,500 species according to ROCHA & D'HONDT 1999), a low diversity of bryozoans was observed as epibiont of mobile organisms as crabs, probably due the frequent ecdysis process of the host. Among the epibiont bryozoans, species of Triticella (Gymnolaemata: Ctenostomata: Triticellidae), as Triticella flava Dalyell, 1848, Triticella capsularis Gordon & Wear, 1999 and Triticella elongata (Osburn, 1912) were observed on crustacean decapods, mainly on portunid crabs (e.g. EGLESTON 1971 , ABELLÓ & CORBERA 1996 , KEY et al. 1999 , GORDON & WEAR 1999 FERNANDEZ-LEBORANS 2003 . In addition, other Ctenostomata, the species Alcyonidium mamillatum Alder, 1857, and species of Cheilostomata, as Acanthodesia tenuis (Desor, 1848), Membranipora arborescens (Canu & Bassler, 1928) and Membranipora membranacea (Linnaeus, 1767), were observed associated with brachyurans crabs (ABELLÓ & CORBERA 1996 , KEY et al. 1999 , MCGAW 2006 , WINTER & MASUNARI 2006 . Further studies about the identity of the bryozoans on A. cribrarius can bring important contributions to the knowledge about the interactions between both groups.
Amongst the various groups of invertebrate epibionts, barnacles are one of the most common, either by internal or external infestation (CHRISTIE & DALLEY 1987) 
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and Balanidae families, and particularly, by the Chelonibia Leach, 1817 (Chelonibiidae) and Amphibalanus Darwin, 1854 (Balanidae) genera, respectively (PHILIPS & CANNON 1978 , HAEFNER 1985 , VAN ENGEL 1987 , NEGREIROS-FRANSOZO et al. 1995 . Barnacles of Chelonibia occur on the carapaces and appendages of pelagic crabs, on sea turtles and on other floating objects (KEY et al. 1997 , PASTERNAK et al. 2002 . According to OVERSTREET (1983) , the barnacle C. patula may infest the portunid crabs of Callinectes (STUBBINGS 1967 , NEGREIROS-FRANSOZO et al. 1995 , KEY et al. 1997 and Portunus (SHIELDS 1992) , and has also been recorded in a number of majids of Libinia Leach, 1815 (Pisinae) (PEARSE 1952) . The distribution of C. patula on the host carapace is better correlated to larval settlement (PASTERNAK et al. 2002) than to the abrasion processes of the exoskeleton during burying (KEY et al. 1997 ). For PASTERNAK et al. (2002 , cypris of C. patula chose the orientation and the location of settlement, and settled preferentially on the most elevated and central region of the carapace where water flow is more intense. Also, the role of chemical cues on larvae settlement has been described (MOLENOCK & GOMEZ 1972) influencing the dynamics of barnacle recruitment (ZARDUS & HADFIELD 2004) but never directly tested in the settlement of commensal barnacles. The prevalence of infestation by the barnacle C. patula has also been recorded in males and females of other portunid crabs. In C. sapidus, infestation rate by this barnacle was higher in females than males, occurring in 70% of the females (KEY et al. 1997) , corroborating earlier studies showing infestation by C. patula in females that had previously spawned two or three times (TAGATZ 1968 , CRISP 1983 . Hence, many authors have concluded that the higher infestation rate observed in females of C. sapidus could be explained by females entering anecdysis soon after puberty while males continue to grow (TRUITT 1939 , VAN ENGEL 1958 , TAGATZ 1968 , PERRY 1975 , OVERSTREET 1983 , CRISP 1983 . In the present study, males of A. cribrarius showed higher a infestation rate by C. patula compared to non-ovigerous females. This pattern could be the result of the significant correlation between host size and infestation intensity. As males reach larger sizes than females (PINHEIRO & HATTORI 2006) , the former becomes more susceptible to settlement of cypris of C. patula.
Several species of brachyurans host stalked barnacles of Octolasmis (Gray, 1825) in their branchial chamber. A few authors have registered the occurrence of this barnacle in crabs (Dorippidae, Calappidae, Leucosiidae, Majidae, Portunidae and Xanthidae) and lobsters (Scyllaridae and Palinuridae) (JEFFRIES & VORIS 1983 , JEFFRIES et al. 1984 , 1991 . In Brazil, YOUNG (1990) , SANTOS (2002) , SANTOS & BUENO (2002) and MANTELATTO et al. (2003) reported the infestation of the brachyurans by O. lowei. The association of the species from Octolasmis is due to the facilitated nutrient acquisition and the protection provided by the branchial chambers of the crabs, where the development of the epibiont is completed. These epibionts tend to select preferentially hosts in intermoult (SANTOS 2002) and settlement tends to increase after sexual maturity is reached. Moreover, according to JEFFRIES et al. (1992) , in the crab Scylla serrata (Forskal, 1775) , individuals having less than 12 instars are not infested by octolasmids because of the short intermoult period, which would prevent the growth and reproduction of the epibiont. The results from the present investigation concur with the above studies because adults of A. cribrarius showed higher prevalence of infestation by O. lowei, and the intermoult period in the adults would be sufficient for settlement, growth and reproduction of the epibiont to occur before the moulting of the host.
The duration of the intermoult period, the habitat distribution, and the burying behaviour of the host are determinant factors in the distribution of the species of Octolasmis (ROSS 1983 , JEFFRIES et al. 1992 , and explain the clear differences in the prevalence amongst the host species (SANTOS & BUENO 2002) . Furthermore, the epibionts can explore only a portion of the host population, affecting specific age, sex and even the environment (VORIS et al. 1994) . The presence of Octolasmis species in the branchial chamber can affect the host in many ways: 1) reducing the water circulation and the gas exchange of the gills due to the fixation of the barnacle; 2) consuming the oxygen in the ventilatory water of the crab; and 3) obstructing of the ventilatory current in the host, which would elevate the energy spent in ventilation. However, according to GANNON & WHEATLY (1992) , Octolasmis muelleri Coker, 1902 (Poecilasmatidae) depends on the ventilatory current from C. sapidus to survive, and those authors have not observed any significant perturbation caused by the presence of the epibiont. This barnacle may be detrimental to the host only during intense infestation, which is contrary to evidence from most of the brachyurans studied, where the interaction between the species of Octolasmis and the host is common.
Seasonal analysis is one of the methods to evaluate the interaction between the epibionts and the hosts, where it is possible to determine the compatibility of their life cycles. In the present study, there was a significant seasonal difference in the prevalence of infestation for C. patula, bryozoans and O. lowei, with lower infestation occurring during the winter. These results suggest that the epibionts have a synchronous life cycle with their hosts. As ovigerous females (along with males and non-ovigerous females) are less abundant during the coldest months (PINHEIRO & FRANSOZO 2002) , therefore occur a subsequent reduction of the hosts available for epibiont settlement. Moreover, considering that the epibionts are available equally throughout the year, we should expect an increase in epibiont settlement per host. As the hosts showed lower proportion of infestation during the winter months suggesting that epibiont are also in lower availability during this season.
The quantitative analysis of the epibionts investigated has shown a higher prevalence of infestation in ovigerous females when compared to the remaining reproductive groups studied. Similar results were obtained in other portunid species (SHIELDS 1992 , KEY et al. 1999 , SANTOS & BUENO 2002 , where the different infestation rates observed were regarded as the ZOOLOGIA 27 (3): 387-394, June, 2010 result of the differential behaviour of the ovigerous females. Studying the infestation of bryozoans in C. sapidus, KEY et al. (1999) , suggested that the higher infestation on ovigerous females, following the puberty moult, could be explained by the lower frequency of moults in females in relation to males. Thus, the infestation on ovigerous females in the present study may be caused by other factors, such as: 1) greater age and longer susceptibility to the settlement of bryozoan larvae; 2) the higher attractiveness to larval settlement; and 3) a longer period spent in high salinity waters. For the host species investigated in the present study, PINHEIRO & FRANSOZO (2002) have demonstrated that ovigerous females of A. cribrarius prefer deeper waters, higher salinities and sediment composed by coarser sand, which is utilized to shape their egg mass. During this period, females excavate a small depression in the sediment and use it as an incubation chamber, while their carapace stays partially uncovered and susceptible to colonization by epibionts (PINHEIRO & FRANSOZO 1999) . In general, this species remains buried in the sediment, exposing only the rostral region and the upper surface of the chelipeds, where most of the epibiosis have been recorded. In addition, when females are carrying the egg mass, their natatory activity is slowed and cryptic behaviours are observed, which might enhance the settlement of the epibionts.
In crustaceans, ecdysis is the most limiting and relevant biological process affecting the epibiont/host interaction because the occurrence of ecdysis is directly related to the intermoult period. Therefore, the succession pattern of epibionts in crabs can be analysed, not only according to size, but also by the moult stage of the host. Accordingly, this pattern could provide evidence for the existence of a terminal moult in the host, which is unknown in many species of crustaceans (ABELLÓ et al. 1990 , SHIELDS 1992 , NEGREIROS-FRANSOZO et al. 1995 . One possible explanation to this pattern is that epibiosis is correlated with the maturity size of the host because the epibionts are not relatively fast to establish and develop in juvenile crabs, since these ageclasses undergo ecdysis more frequently before puberty. On the other hand, the epibionts can develop continuously in adult crabs, where the intermoult period is longer (ABELLÓ et al. 1990 ). The prevalence of infestation was positively correlated to the host size in all groups examined, possibly, due to the larger area available for larval settlement. Conversely, larger crabs did not present infestation rates close to 100%, which would be evidence for the existence of a terminal moult, as suggested by ABELLÓ et al. (1990) . Thus, in agreement with other portunids, A. cribrarius do not undergo a terminal moult after reaching sexual maturity.
